Objective: To compare identification of the border of lentigo maligna (LM) with digital epiluminescence microscopy (DELM) with clinical and Wood light assessment.
T
HE CURRENTLY RECOMmended surgical margin for melanoma in situ is 0.5 cm of clinically normal skin surrounding the lesion; however, studies have shown that lentigo maligna (LM) of the head and neck may require wider margins of resection. 1, 2 Because LM arises in areas of chronic photodamage, finding clinically normal skin is challenging.
Clinicians use the Wood lamp to help delineate the edge of the pigmented area of LM. The subclinical extension of atypical junctional melanocytic hyperplasia away from the LM makes the boundary of the lesion difficult to identify. 3, 4 Since dermoscopy increases the diagnostic accuracy of the clinician, it was hypothesized that it might enhance determination of the edge of the process. A technique that improves the surgeon's ability to identify the edge of the lesion would be beneficial because complete surgical excision may be achieved with less need for reexcision.
METHODS

PATIENT SELECTION
From January 10, 2000, to December 21, 2001 , 26 consecutive cases of LM of the head and neck, with the diagnosis established by results of a preoperative biopsy with fixed histopathologic analysis, were entered into the study. The clinical border of the LM determined by visual clinical examination was marked with gentian violet. The outlined border was traced on a clear plastic sheet. Five minutes after the gentian violet was removed, the area was visualized with the use of a Wood lamp, and the margin was marked with gentian violet. The area was traced on a second plastic sheet. Finally, after removal of the gentian violet and another waiting period, the area was visualized with digital epiluminescence microscopy (DELM) (MoleMax II; Derma Instruments, Vienna, Austria) and the borders were outlined with gentian violet. The area was traced on a third plastic sheet. All plastic sheets had an orienting mark made at the most superior point on the border of the lesion. 
STUDY
DIGITAL EPILUMINESCENCE MICROSCOPY
The DELM system offers a maximum field of view of 1 cm with 30-fold magnification. When the diameter of the melanocytic skin lesions in this study exceeded the field of view of the electronic camera, the clinical borders were segmented by the clock face and marked on the skin surface with gentian violet. The DELM images were stored without compression in bitmap format. The pixel resolution of each image was 640ϫ480 at 24-bit color depth. The 2 criteria specific for LM include asymmetric pigmented follicular openings and dark brown or black rhomboidal structures. 5, 6 
SURGICAL PROCEDURE
The initial biopsy for histopathologic correlation of the DELM findings was made 2 mm beyond the margin defined by DELM. The vertical incision extended into the adipose tissue and below the depth of the hair follicles. The center of the specimen was prepared with fixed tissue examination to ensure that the center of the specimen did not contain invasive melanoma. The circumferential margin was excised in 1-cm segments with a width of 2 mm. These segments conformed to the images stored by DELM. The edges of the specimens were inked and oriented on a map. The specimens from the margins were processed with frozen sections with hematoxylin-eosin (H&E) staining. Additional immunohistologic staining with MART-1 (melanoma antigen recognized by T cells) was used when differentiation was not possible. 7, 8 If the H&E findings for the entire section were positive or negative, then MART-1 staining was not performed. When there were equivocal areas, the MART-1 staining was performed. If there were areas that remained equivocal after H&E and MART-1 staining, then another layer was obtained and the staining was repeated. An excisional strip, which was about 1.0ϫ0.3 cm in diameter, was taken from the ipsilateral or the contralateral sun-exposed preauricular cheek and was used for comparison as a negative control specimen.
If a surgical margin was positive, the area was excised with subsequent stages of 3-mm margins and the specimens were similarly processed. At the conclusion of the procedure, the border of the excised area was traced onto a clear plastic sheet.
HISTOPATHOLOGIC CRITERIA
The criteria used for the diagnosis of a positive or negative margin were those established by Weyers et al 9 for the diagnosis of melanoma in situ. The presence of melanocytic nests, nonuniform distribution of melanocytes, melanocytes far down the adnexal structures, melanocytes above the dermoepidermal junction, and melanocytic atypia defined melanoma in situ. 9 Furthermore, the nests contained at least 3 atypical melanocytes. The nonuniform pigmentation of cells along the basement membrane was interpreted as crowding. Atypical melanocytes are those with mitoses, pleomorphic nuclei, or pleomorphic shape. There was epidermal atrophy and effacement of the rete ridges. 10 Melanocytic hyperplasia with isolated atypical melanocytes was a common finding in sun-damaged skin found in the biopsy specimen of the contralateral preauricular cheek skin. The slides from the excised margin were reviewed in the context of the negative control from the sun-damaged skin of the contralateral cheek.
ANALYSIS
Initially, the 4 sheets from a single case were overlaid to observe whether the outlined area of the top sheet was the same, larger, or smaller than that of the bottom sheet. The observer was masked to the identity of the 2 clear plastic sheets. The 4 clear plastic sheets from each case were scanned, and image analysis of the digital photomicrography (NIH Image Analysis, verson 1.62; National Institutes of Health, Bethesda, Md) was used to determine the surface area in square centimeters.
The DELM images of the 26 cases were reviewed for image quality and duplication. In randomly selected cases, the DELM image was compared with the H&E-and MART-1-stained frozen sections of the margins.
RESULTS
CHARACTERIZATION OF THE POPULATION
The mean age of the study population was 62 years (range, 43-74 years). Seventeen subjects were men and 9 were women. The most common lesion location was the cheek (7 patients), followed by the scalp (5), nose (4), forehead/ temple (4), ears (3), neck (2), and eyelid (1).
BORDERS OF LM AND MEAN SURFACE AREA
The border determined by results of visual clinical examination was smaller than that determined by use of the Wood lamp or by DELM findings (P=.001) (Table) . In 5 cases, the border identified by the Wood lamp and DELM findings was the same. The border determined by DELM was significantly greater than the one defined by the Wood lamp (P =.001). Comparison between groups is based on the 2 test; in all cases a 2-sided ␣ level of less than .05 is considered statistically significant.
The 2 greatest diameters of the LM identified by clinical assessment had a mean of 2.4ϫ2.2 cm; by the Wood lamp, 2.8ϫ2.4 cm; and by DELM, 3.0ϫ2.7 cm. The initial excision for pathological correlation of the edge of the process was marked on the skin before incision (3.2ϫ2.9 Abbreviations: DELM, digital epiluminescence microscopy; LM, lentigo maligna. *N = 26. Data are expressed as numbers of lesions. †This measurement process is described in the "Analysis" subsection of the "Methods" section. ‡Indicates differences were statistically significant (P = .001).
(REPRINTED) ARCH DERMATOL / VOL 140, SEP 2004 WWW.ARCHDERMATOL.COM 1096 cm). Fifteen lesions required a second stage of surgery with an additional 3-mm margin, and 9 needed 3 stages of surgery. Thus, most of the lesions had approximately 5-mm margins removed beyond the margins determined by DELM. Some inaccuracy occurred in calculating the area excised because the edges of the defect retracted after excision; however, the 2 mean diameters of resection were 3.5ϫ3.3 cm. Although this discrepancy should be uniform across all lesions, some regional differences may be found, depending on tissue laxity and position. All measurements were performed in a supine position. 
DELM AND HISTOLOGIC COMPARISON
Six cases were randomly selected for comparison of the histologic findings with the DELM images. Thirty-five histologic slides prepared with H&E staining from these 6 cases were reviewed. Fourteen of these specimens also underwent immunohistologic staining with MART-1. The DELM pigment pattern of the center of the LM changed at the periphery, becoming a pigmented thin mesh (Figure 1) . The central area of LM demonstrating pigmented follicular openings and rhomboidal structures was associated with the pathologic features of melanoma in situ (Figure 2A and Figure 3A) . The peripheral areas of the LM showed scattered nests at the dermoepidermal junction with at least 3 atypical melanocytes and crowding of the non- Figure 1 at the black arrow shows scattered nests of atypical melanocytes at the dermoepidermal junction, melanocytes above the dermoepidermal junction, and crowding of the pigment cells along the basement membrane (hematoxylin-eosin, original magnification ϫ40). B, Scattered nests of atypical melanocytes at the dermoepidermal junction are consistent with melanocytic hyperplasia in the area marked with a blue star in Figure 1B (hematoxylin-eosin, original magnification ϫ20).
(REPRINTED) ARCH DERMATOL / VOL 140, SEP 2004 WWW.ARCHDERMATOL.COM 1097 uniform pigment cells along the basement membrane ( Figure 2B ). When the LM blended into uniform hyperpigmented areas of solar changes at the periphery of the lesion, melanocytic hyperplasia was present ( Figures   2B, 3B, 4, and 5C) . None of the cases had invasive melanoma in the center of the specimen.
COMMENT
Digital epiluminescence microscopy, which is used primarily for diagnosis of pigmented lesions, may help to improve the clinical identification of melanoma in situ. The mean surface area excised for the LM cases in this study was greater than the DELM-determined area. During the past decade, there has been a debate over the use of frozen sections to interpret the resection margins of melanoma. The clinicopathologic correlations reported in this study may help to resolve concerns. Consistency of the frozen sections requires preparation of 2-to 4-µm-thick sections without artifacts or distortion. Thick sections provide multilayered specimens that make cell borders and cytologic characteristics of individual cells indistinct. Immunostaining has become a useful adjunct to H&E preparation in increasing sensitivity and specificity of melanoma on frozen sections. [11] [12] [13] Sun-exposed areas may have an increased number of melanocytes in the basal layer of the epidermis, and some of these melanocytes may be cytologically atypical. 14 The diagnosis of a positive margin is based on increased numbers of atypical melanocytes within the basal layer and melanocytes disposed as single units above the basal layer. Interpretation of the histopathologic material as to whether the increased number of atypical melanocytes indicates the presence of LM or solar-induced melanocytic hyperplasia may be enhanced by comparison with a biopsy specimen from the contralateral area of sun-exposed skin. 15 There is variability in interobserver concordance by dermatopathologists with re- spect to interpretation of the histopathologic specimens prepared with H&E staining of pigmented lesions. [15] [16] [17] [18] [19] [20] [21] I have used the histopathologic criteria for more than 10 years. 7 Support for the clinicopathologic findings at the edges of LM reported herein can be found during the examination of excision margins of melanomas with H&E staining in paraffin-embedded sections. Examination of 10 LM melanomas by Breuninger et al 22 found a clearly demonstrable, uninterrupted spread of groups of atypical melanocytes into the periphery at the dermoepidermal junction. In LM melanomas, there was a 54% probability of finding these groups of atypical cells 5 mm beyond the clinical border, and the median safety margin was 8 mm. 22 This 5-to 8-mm margin obtained from paraffin-embedded sections is greater than the border identified by DELM and similar to the margin of resection in this study.
An additional consideration is the accuracy of the histopathologic correlation with DELM. In this study, correlation of the histologic findings with DELM interpretation was performed retrospectively; therefore, the DELM findings did not influence the interpretation of the histopathologic findings. Many researchers have examined the histopathologic correlation of the dermoscopic structures. [23] [24] [25] [26] [27] [28] [29] [30] [31] A variety of orientation methods, including orienting sutures and micropunch, were used. It does not seem that DELM was previously used to mark the excisional units. Combining DELM with the standard tissue-orienting approach of Mohs surgery provided an opportunity to correlate clinical findings with DELM images and histopathologic findings. In this study, the histopathologic identification of melanoma in situ was aided by immunohistochemical staining of sections with MART-1, a marker for melanocytic differentiation. 7, 8, [11] [12] [13] [32] [33] [34] The increased sensitivity of MART-1 helped enhance the interpretation of specimens at the edge of the area defined by DELM. 8, 35 In the hands of an experienced physician, dermoscopy has been shown to increase diagnostic accuracy com- pared with clinical visual inspection. [35] [36] [37] [38] [39] [40] [41] Given the increased diagnostic accuracy afforded with dermoscopy of pigmented lesions, it is not surprising that DELM enhances the diagnostic accuracy of determining the clinical margin of a lesion. Most criteria for epiluminescencemicroscopy diagnosis of pigmented lesions are networkderived features such as a broad or a thickened network, which depend on rete ridge pattern at the dermoepidermal junction. The atrophic epidermis of the sun-exposed face has flattened rete ridges; hence, the pigment pattern at the edge of the LM fades into the atrophic epidermis. The ease of use of dermoscopy makes the technique described in this report readily available to clinicians, who use visual inspection to guide the margin of resection. Although confocal microscopy, an emerging technology, also offers promise in defining tumor margins, it is currently less widely available than dermoscopy. 42 Accepted for publication November 26, 2003 
